Real-time weather data were used in the simulation to promote renewable energy utilisation in the smart grid approach. The case study was conducted for the 11 cities in the Tochigi prefecture to show the suitability of renewable energy and to determine the regions that might use it. Solar power had the highest capability of producing electricity, followed by biomass, hydropower, and wind power. The ratio of each renewable energy generation depends on the characteristics of each city's geographical and climatic conditions. The amount of surplus electricity for one year was not considered in the yearly and monthly estimations. In the hourly estimation, 3,363 MWh/year of surplus electricity was available for use in city shortfalls using smart-grid approaches. The maximum surplus electricity was found to be 4,235 MWh/year through a daily estimation; in contrast, 9,075 MWh/year was observed as the surplus in hourly estimations for Nasu city of the Tochigi prefecture. We have found that surplus electricity was higher at Nasu due to the geographic and climatic conditions available for wind power generation. A similar approach to renewable energy potential can be considered for rural areas in Japan for additional sources of energy besides fossil fuel and nuclear plants.
Introduction
Renewable energy is becoming more important; solar, wind, hydropower and biomass sources of energy have become substitute options for fulfilling energy demand in rural sectors. In this rural sector, renewable energy estimation policy is important for identifying substitute or additional sources of energy to decrease dependence on fossil fuel and nuclear sources. Geographical distribution can help policy planners increase renewable utilisation in rural areas. Researchers have contributed to the development of estimation methods of renewable energy that consider geographical location (Gemelli et al. 2011 ) (Voivontas et al. 2001 ) (Ramachandra and Shruthi 2007) . Regional analyses of renewable energy have contributed significantly in different parts of the world to solar, wind, hydropower and biomass energy development. A solar energy planning system consisting of a methodology and a decision support system was prepared for planners and energy advisers. The study was primarily intended to predict and realise the potential of solar energy on an urban scale, and the system supported decisions concerning key solar technologies such as solar water heating, PV and passive solar gain. The methodology takes into account baseline energy consumption and projected energy saving benefits (Suri et al. 2007 ) (Vries et al. 2007) .
A GIS methodology was developed to map solar resources on the basis of satellite data by considering radiation at top of the atmosphere, albedo, downward radiation at the surface and to match these criteria with demand modelling on the basis of habitat (population density, energy demand intensity) (Rylatt et al. 2001 ).
Local measurement data were converted to the employed GIS grid. The quantitative effects of different nature conservation cri-teria on wind energy potential were analysed using GIS (Krewitt and Nitsch 2003) . Wind energy potential feasibility is demonstrated by quantifying the potential while taking into account detailed site-specific information about aspects of natural conservation. Wind energy potential amounts to only 25% of the theoretical potential. A GIS system was initiated to locate wind farms in the UK (Serwan and Parry 2001) . In terms of area, the most suitable areas represent the smallest group, as we might expect, occupying only 3.79% of the total study area while the least suitable sites cover some 73.34% of the area. The suitability map using weighted layers showed a very similar pattern. The most suitable areas in this map occupy 8.32% of the total study area, while the least suitable sites cover 70.26% of the area. On the other hand, small hydropower holds great possibility for generation in rural mountainous areas. Small hydropower does not affect the environment greatly when compared with ordinary hydropower plants. GIS was also used for the mapping of site locations of small hydropower (Yi et al. 2010) , and many sitespecific analyses were performed (Dursun and Gokcol 2011) .
Again, renewable energy in China shows great promise; biomass is found to be one of the most promising renewable energy resources, showing great potential for development. Almost 20% of the primary energy consumed in China is biomass energy (Changa et al. 2003) . The potential of renewable energy sources to meet the growing energy demand in Turkey has also been assessed (Evrendilek and Ertekin 2003) . The pursuit and imple- tain importance was thus placed on the need to figure out the renewable energy potential in rural areas. In this regard, we proposed a new estimation method for renewable energy utilisation that makes use of geographical detail based on data concerning geographic and climatic conditions. Uniformed data including biomass energy utilization from academic journals, governmental reports was used to identify reliable result of renewable energy potential and its tendency. Furthermore, we identify the shortcomings of the previous study performed by Regional New Energy Vision (Wakeyama and Ehara 2009) . Although Wakeyama's research has grasped the abundance of recyclable energy, such as wind power, hydropower, and solar power based on unific data, it is not in investigating biomass. Moreover, there is no research to show the evaluation of the utilizable amount of the renewable energy which changes every moment in a rural community. Then, a constantly varying climatic condition and geographical conditions for judging a suitable area for installing facilities of renewable energy were focused in this research to estimate changing of renewable energy potential. And difference of each renewable energy potential on time series were discussed to manage the demand and supply of electricity by smart grid technology in future. Alongside the overall goal of providing accurate estimation methods, the immediate objectives of this study were to develop a methodology to estimate the renewable energy potentials in rural areas and to undertake a case study to show the renewable energy potential in the Tochigi prefecture of Japan. -3 (NEDO 2006) and AMeDAS (Meteorological Agency (Japan) 2010) were used as a climatic database in this research. METPV-3 was applied to estimate the value of solar radiation, and AMeDAS was applied to estimate the value of velocity of wind and rainfall intensity.
Materials and Methods

METPV
Solar power generation
Electric power generation by solar panel (E S ) is related to the surface area of the solar panel and to solar radiation change accumulated over time and can be expressed as:
( 1) where H s is the solar radiation in the unit area, K 1S is the temperature correction coefficient, K 2S is the total correction coefficient, 
Wind power generation
Wind power depends on the wind receiving area, air density and kinetic energy. Kinetic energy can be estimated from the mass and velocity of air. The wind energy potential can be expressed as:
( 2) where P WT is the total power received from the wind turbines, ρ is the air density, A W is the wind receiving area, V is the velocity of air, and e w is the conversion efficiency (NEDO (Japan) 2008b).
In this equation, 10 -3 means to change the unit from k to kW.
Therefore, the total wind energy potential (E w ) can be expressed as
where V is the function of time t, and n is the number of wind turbines. The parameters for the estimation of energy potential from wind are listed in Table 2 . The specific conditions based on geography and climate for each of the parameters have been defined in detail. Wind turbines (1,000-kW-rated output) were installed in the selected geographical locations based on slope, height, and : average of global solar radiation in one year 1) Utsunomiya City government (Japan) (2002) 2) NEDO (Japan) (2006a) 3) Kyocera (Japan) (2010) Ushiyama (2005) surroundings. The land slope for the turbines should usually not exceed more than 20°, and installations should not be placed at more than a 1,000-m height from ground level. Wind turbines must be installed outside the areas of natural parks and buildings.
In addition, turbines should not be installed more than 300 m away from public roads (Wakeyama and Ehara 2009) . Wind turbines were set to capture stable winds by considering the recommended cut-in velocity, the recommended cut-out velocity of the wind, and the recommended distance between the wind turbines.
In our study, the cut-in velocity, the cut-out velocity of the wind, 8,760 hours of data, was used to estimate wind power generation.
Hydropower generation
Theoretical hydropower (P H ) was obtained from the potential energy of water (NEDO (Japan) 2003). The formula for small hydropower P H can be expressed as: (4) where g is the gravitational acceleration, Q H is the amount of water discharge, and H e is the effective head. The energy potential (E W ) of small hydropower can be expressed as: (5) where η is the conversion efficiency in small hydropower generation, K W is the available ratio, and Q H changes over time t as in the following equation: (6) where f is the discharge coefficient, 0.7 (Ministry of Construction River Bureau (Japan) 1997) , r is the rainfall intensity, and A W is the size of the catchment area. The parameters for estimation of energy potential from hydropower are listed in Table 3 . Polygon data in the catchment area was calculated by use of driver data of Kobayashi (2006) selected geographical locations based on the slope, surroundings, distance from public roads and discharge rate of water (Table 3 ).
An imaginary power plant was set just ahead of a junction of rivers to calculate the energy potential of each link unit (Fig. 1 ).
These link points were selected from the Tochigi prefecture map Available ratio, K w with degree of variability was not able to be determined because of lack of relevant information. So, 10% of available are of information in wind power generation was referred to determine a value of K w .
Biomass: energy potential
Electric power generation from biomass (E B ) can be determined from the surface area of the field (S B ) used for biomass production (M B ). The energy potential can be expressed as: (7) where B is the variety of biomass, e B is the conversion efficiency of biomass, and P B is the calorific value of biomass. The parameters for the estimation of energy potential from biomass are listed in Table 4 . The utilisation of abandoned fields (for energy crop production) and rice fields (for residue, i.e., chaff and straw) was used to estimate biomass energy potential. We calculated the total surface area of abandoned fields and rice fields using the .
The degree of self-sufficiency of renewable energy can be calculated from total electric power generation (E), surplus electricity generation (S E ) and demand (D) over time. The degree of selfsufficiency in energy, S R [%], can be expressed as:
.
However, surplus energy generated in rural areas cannot contribute to S R . When electricity loads occur, a substitute power plant can help to fulfil any shortage of electricity in rural areas. The maximum electricity load (M L ) occurring in one year's time in kWh can be expressed as:
In this research, hour units were used for the minimum separation time for calculating solar power and wind power. Month units were used for small hydropower generation because of the time lag between rainfall and flowing water. Year units were used for biomass generation. Averaging for monthly data or yearly data and integration of hourly data were used to compare the different type of renewable energy (Table 6 ).
Study Area
A study was undertaken in the Tochigi prefecture, and 11 cities were selected for data collection and analysis (Fig 2) . The cities were Utsunomiya, Shioya, Sano, Kanuma, Oyama, Moka, Ohtawara, Nasu, Nasukarasuayama, Nasushiobara, and Nikko.
These cities were selected based on sufficient geographic and climatic data for their discussion within an account of renewable energy utilisation in rural areas. The analysis of demand included the civil sector, which includes households, offices, schools and hospitals. The electricity demand of the civil sector, which consumes approximately 30% of the final energy use in Japan (Ministry of Economy, Trade and Industry (Japan) 2010b) was focused on evaluating renewable energy utilisation. The electricity demand curve for 24 hours in the 11 cities was fitted to electricity consumption during 12 months in Japan as a whole (Tochigi Prefecture government (Japan) 2010) (Ministry of Economy, Trade and Industry (Japan) 2008). We assumed that electricity demand was proportional to the number of households.
Results and Discussion
Renewable Energy Utilisation
The regions with the highest potential for solar energy were located in the central and southwest part of the Tochigi prefecture, including Utsunomiya, Sano and Oyama (Fig 3) . The other potential regions were identified in Nikko, Kanuma, Nasushiobara and Ohtawara. Again, Shioya, Nasu and Nasukarasuyama also had the opportunity to install solar panels in limited areas. The geographic and climatic conditions for the installation of wind turbines were analysed for the Tochigi prefecture ( Fig. 4a and b). The potential areas for the installation of wind turbines were identified (Fig. 4c) . The most suitable wind power installation regions were in the northern part of the Tochigi prefecture, including Nasu and Nasushiobara (Fig. 4d) . The other suitable areas were in the northeastern part of the Tochigi prefecture including Nikko and Shioya (Fig. 4d) . Hydropower power generation was analysed in terms of geographical conditions in order to determine the most suitable location for the installation of hydropower units (Fig. 5a ). The maximum number of hydropower units could be installed in Nikko, Kanuma and Utsunomiya followed by Nasushiobara, Nasu, and Sano (Fig. 5b) . However, suitable locations were limited due to the presence of natural parks and their gradients. Abandoned areas in the Tochigi prefecture were identified for biomass production. The largest amount of biomass production using abandoned fields was located mainly in Nasu- shiobara, Ohtawara, Utsunomiya and Moka (Fig. 6a) . The other potential regions were Nikko, Nasu, Kanuma and Sano. However, belt-shaped areas in the northeast and south were found to be the most suitable for producing fukuhibiki-variety rice for biomass. After addressing these concerns, GIS analysis was performed to determine the agricultural settlement map (Fig. 6b ).
Renewable Energy Potentials
The energy potential and specification of renewable energy installations for 11 cities were estimated and listed in contribute to the generation of solar power. In the calculation of wind power generation, Shioya, Kanuma, Nasu, Nasushiobara, and Nikko were selected from among the 11 cities of the Tochigi prefecture for the installation of wind turbines. Their potentials were estimated at 739 MWh/year, 52 MWh/year, 11,563 MWh/ year, 3,765 MWh/year, and 9,682 MWh/year, respectively. The potential electricity generation of wind power for these cities was less than that of solar power. In our estimation, 30 wind turbines could be installed to produce 3,765 MWh/year at Nasushiobara, and 16 wind turbines could be installed to produce 9,682 MWh/ year at Nikko. Therefore, little correlation between number of wind turbines and the total amount of wind power generated was observed. Because capable area of constructing wind turbine was not always the suitable area of obtaining sufficient wind power. In the case of windpower, a maximum of 11,563 MWh/year could be generated at Nasu. We observed that electricity generation 
Electricity generation in time series
The difference of electricity estimation was twice that of the minimum and maximum rating of total electricity estimated for a year. We observed a small difference in trends of electricity change when solar power is used. However, there was a large difference in the trend of electricity change in May 2003 (Fig. 7) in the city of Utsunomiya. Total electricity generation by solar power was higher than other renewable energy utilisation. Solar power generation was expected to be introduced area-wide. More electricity could be generated using more wind turbines in the winter season. Wind velocities were higher in the winter compared with spring, summer and fall. The observations of the ratios of wind power change in a day and in a month were found to be very high compared to those of solar power generation. We have noticed that this fluctuation occurred in a time series for wind power and showed discontinuity (Fig. 8) . The power and frequency of wind characteristics must be investigated for the imple- Electricity (/year) (Rice field:Abandoned field) mentation of wind turbines. As with solar power, a highdurability system to meet the difficulties of wind power fluctuation must be discussed before wind power is widely introduced.
The maximum value of electric power generation for small hydropower for 12 months was reported for August in the 11 cities. The amount of hydropower generation in August was indicated to be approximately 10 times that of December. Electric power generation by small hydropower was proportional to the average monthly precipitation. The difference in precipitation between August and September was very large, and the 11 cities had different trends within the precipitation record. Power generation could be affected by precipitation upstream. In these cases, the amount of precipitation and the total amount of water downstream must be measured to estimate the total amount of electricity that can be generated from small hydropower units. 
Renewable energy potential in time series
Electricity consumption was integrated for one year in Tochigi prefecture (Tochigi Prefecture government (Japan) 2010). An electricity consumption curve (Ministry of Economy, Trade and Industry (Japan) 2008) was used to calculate the degree of energy self-sufficiency (S R ), surplus electricity (S E ), and maximum electricity load (M L ) for the yearly, monthly, daily, and hourly estimation of the integrated year listed in Table 6 . We found a maximum S R of 56% at Nasu and a minimum S R of 24% at Utsunomiya. Since the S R was found to be low for all the cities in the Tochigi prefecture, our preliminary assumption that smart grid applications should be introduced for the adoption of renewable energy was not sufficient. The amount of surplus electricity of the one integrated year (S E ) was not considered for the yearly and monthly estimations (Table 6 ). In the hourly estimation, 3,363 MWh/year of S E could be used to make up shortfalls in the cities using smart grid methods. The maximum S E was found to be 4,235 MWh/year using daily estimation, and 9,075 MWh/year was observed in hourly estimations at Nasu. S E was higher at Nasu due to the geographical and climatic conditions there that facilitate wind power generation. In addition, biomass energy 
Conclusions
The renewable energy potentials from solar power, wind power, small hydropower, and biomass were estimated for rural areas based on geographic and climatic conditions. Real-time weather data were used in the simulation to calculate renewable Themethodology for estimating renewable energy potential was developed for rural areas using GIS. Based on the case study, the following conclusions can be drawn: 1) Solar power had the highest potential for electricity production, followed by biomass, hydropower and wind power. We 2) Renewable energy was not sufficient to fulfil electricity demand for domestic purposes, which cover the needs of the households, offices, schools and hospitals of each area. The amount of surplus electricity of the integrated one year was not considered for yearly and monthly estimations. In hourly estimation, 3,363 MWh/year of surplus electricity could be used to make up shortfalls. The maximum surplus electricity was found to be 4,235 MWh/year using daily estimation, and 9,075 MWh/ year was observed in hourly estimations in the city of Nasu. We found that surplus electricity was higher at Nasu due to specific geographical and climatic conditions that facilitate wind power generation there.
3) Renewable energy could be used as an additional source of energy to that of fossil fuel in rural areas. However, to achieve the same benefits in domestic use, energy conversion efficiency in renewable energy plants needs to be improved, and energy-saving measures should be considered.
